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ABSTRACT 



A novel insecticide and xoUui i ur.g i c i «i- iieriv.-d ! ror. 
a neem seed extract comprising neen. oil which is 
substantially free ot azad i racht ir -nd salamun, said neer 
oil being prepared by extracting ^.ned. coarsely grour<i 
neon seeds with a non-polar, hydrophobic solvent to obtair 
a neem oil extract, and then removing the solv.-nt to 
obtain the neen oil. These neem oil pesticides exhibit 
the ability to repel insects frorr. plant surfaces, prevent 
fungal growth, and kill insect and fungal pests .it various 
life stages. 
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u^Ui ni the .:;vci.t lor. 

This invention i«Ut» to novel l^t"--^ 
compositions derived fro. ne- ^ 
3 P oc lt ically to * -el insect.cid. ^ roll-. — 
uprising a hydrophobe-solvent e,t.acteu r.«r. u.l. 
TheS e nee. oil posticus exhibit the ab.U, 
inS ects fro. Pl-t surfaces, j,i event t«.^..I «r«rth 
kl ll insect and fungal pests at v.iiou* lit- 

rw^ri ption "f Prior Aft 

T ' he neem tre e. a tropical evergreen, has beer, used 

.or centuries as a source ot pesticides to which x^-ct. 
have not developed a resistance. Various n,« seed 
extracts, particularly the ones contain in, the 
hydrophilxc. tetrar.rtrlterpenoid azadiracht in . -r. M,own 
to influence the feeding behavior, metamorphosis Unseat 
Lth regulating ( IGHI effect,, fecundity, anc -.itness ot 
nu „erous insect species belonging to various 

It is known that neem oil. ccntainin, azadiracht n. 
ma y be .echanically pressed fro. neen, seeds t„ the cole by 
using oil presses or may be extracted using alcohols or 
o r solvents asing Soxhlet apparatus. Small amount, o, 
neen, oil can be obtaineU by Kneading nee™ seed ^ . * 
hand after adding some water .Schmutterer . h«l.p 
Thus the tor, 'nee. oil' "as been used deserve . 
variety of materials containing a mixture ot ..c . > 
hy oro P hUic and hydrophobic extractabl.s . The vane > 
extraction methods and resultant variety in coition o. 
neem oil has led to great confusion as to the true 
properties of "nee. oil-. Khan and «assilew U986, t.sted 
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ft r-t ,i their oil' (prepared by aqu-ou* 

th e effect of their tun<)l . including 

• traction o: tit-em kerneii.1 or. 

extraction , t. ,-onccntuchuj . 
■^..hophytonrubrum, T^vioUceus. ^ VTrusworun. 

^7T^ ro «th and. in fact, the neem oil itse « . 
contained several species of growing rung* ^ ■ 
anonymous article (Anon 1986, reported ha " 
fluted fro. its emulsifiable concentrate rorm ul »« 
COB plctei y inhibited -era! species o. ^ 

^llUs -s^= ^trlta^oCe^X^cific 

ohaseolina and DjechsXera rostrata. Howe . 
^TaTTTol this formulation were not provided 

Similarly, there are discrepenc ie> m tht «• 

:;S^r r 

E£i2a£ESi) and leaf Hopper »f^f£ p t^T extract of 
Man sour et al. ,»«. »P~ t th t the P ^ 
neem seeds was much more effective a ^ 
spid er mit. Tetra^chu. Si**^ ^ pTn - -tract 
methanol extracts, but surpri - ^ ^ .^^.^ 

was less effective at controlling the mite . 

than were the ethanol oi methanol extracts. 
-^ei^LIl -wed that the- tetranortnterpe-noiU. 
salannTnT^T^Uted fro. ^^^^ high 
obtained from Indian neem seeds *" ^ 

lB saiannin content, using hexane. T* , b« ^ cal 
act ivity of the salannin extract is re* rtc- ° 
deterency and growth inhibition when applied 
insects such as beetles and caterpi 1 lers . 
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This u;v,r.tior. clarifies the dis.:n.-?ai-i«^ 111 th ' 
pnoi ait ano piovides J novel i^e* oii -Mi.u-t -ti-.t ■ - 
substantially tree or ad iracht i r. and ^Unrii: ^ yet 
effective ^ both a foliar fungicide and an iiu.. -<-t i 'id*- . 

it has now been discovered that under the prucc* 3 
this invention, a n<::-polar hydrophob ic-so i vebt extracted 
nee* oil, suostant rally free of a zad i racht r r. ami *alanmr. 
possesses the ability to repel insects from plant 
surfaces, kill insects at various life stage:, m 
particular the egg and larval stages, and control the 
growth of serious fungal pathogens. This dual activity as 
both an insecticide and fungicide in the absence ?! 
azadirachtin is novel and unique. 

The insecticide and fungicidal activities et 
hydrophobics extracted neem oil is unique and unexpected 
in view of the absence of any known active ingi edicts . 

Summary of the Invention 

It is an object of this invention to provide a novel 
pesticide that repels insect pests from plant surfaces and 
kills insects at various life stages in particular the eqg 
and larval stages, and controls the growth of various 
fungi. 

Another obrect of this invention is to provide a 
natural pesticide formulation derived from neem seed 
extracts for the protection of plants from various insect 

or fungal pests. 

in accordance with the present invention, there have 
been provided certain novel pesticide formulations derived 
from neem seed extracts, said formulations comprising 
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, ns , *re 5«h S »..nr.-.nv fr.-e 

«,i| ( innin. 

l^^T^r^n.. o< th* seeds and — - 

, n .. .rnp,™-. aadlrachta i-diE-. P— 1„ U 

th „ t „ ra .cr t ri.«p.nold. a*adi racht in an, ..Unjan 
Known for their potent pesticidal activities. Tho pr.son 

^ntion — d to various pesticde ;;:: -. :r 
pr , P ar.d fro, nee» oil whicn are substantial. • f,~ of 
L,«ch,.r an- ..Lnnin. and vet -id 

posses the .bill" to repel insect pests fro, plant 
urfaces. MIS -sect pests at various life n 

particular e„<, - larval stane. and control funoal 

pathocens. d 

Ne em seeds can be quite variable in size s P* 
composition. Seeds fro- around the world can be s s; aU 
a„ d round as a pea and as laroe and Ion., as a be n Nee, 
seeds consist of two parts, a shell that does no con a 
oil or pesticidal activity and the kernal which contains 
oil and «a,.irachtin. However, the co»po sition of seeds 
collected fro. throughout the world varies consid ab 
s „own in Table A. Tn particular we have found that 
derived fror ne«n trees with hiqh azadirachtin 
concentration is both insecticidal and fungicidal. 
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• I . i r.i 1 ■ " • "AH 

S op Source i n S«»*-d • Vo ! it i 1 »• • u ! ' , qsk • 

Spneaa 1 IPouM f .J ' 

T ndia (fun^b* U '> 

Toco (Atkp.ir#>» S7 4 . ^ 

HaiM (AriMhinl V ' *» . ' 

ChaPii (Rawkl S- b.4 14 ! . * 

*qsk - amir s»-ed kernel 
The pept-icide f onnulat iorr of this invention arc 
prepared from neem oil which has boon **xt r.;»-t #»d rroir, 
dried, roarselv ground ne*»m so* ^is with t i ^mt^M^ 
non-polar, hydrophobic solvort . Tn accord .inm witt this 
invention, dried neem seed*?, tvpiraMv cont amine about S 
to 1** water, are coarselv q round to about S tr^sh . The 
oround neerr seeds are then extracted with a non-polar 
hvdrophobic solvent to remove neem o:I. It is preferred 
to use a siqnificant excess of solvent < 3 to 1 w/w> to 
obtain qood vields. The solvent must be sui?db!v 
hvdrophohic to prevent excess water f row con*aminat ino the 
oroduct . Water in the extract will cause ir*<* i r.icbt i n to 
he extracted from the seeds and result in hvdrolvsis of 
the extract. After extraction, the solvent is removed 
from the extract bv low temperature ovaporat ion , 
preferablv hv vacuum evaporation to yield the neem ci 1 
product . 

Final pesticide formulations, in accordance with this 
invent 'on, can be prepared by diluting the nooir oil with 
about 5 to S0% preferably S to 20* and most preferably 7 
to 15* by volume emulsifvinq surfactant and may optionally 
contain 0-1% PABA. Suitable emulsifying surfactants 
include sorbitan esters, ethoxylated and propoxy late^ mono 
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..nd .i W H.-eridcs. act-tyUled mono- or d i«. lyv-r ides . 
UVvIated mcno- ui diglycerides. ot.u' acid . o! 
mono- c, diglycerides. ^ugar esteis. polysorbat.-H. 
uoly-jlycercl esters, and the like, and mixture tlu-reot. 
The preferred emulsifying surfactants are t ri- 
pely oxye thy ler.e derivatives of fatty acid partial .-.tor. 
of sorbltal anhydride which are sold under ««*• name twen 
20. Tween 40, Tween 60 and Tween 80. Prior to una I 
application, these pesticide formulations at- typical 
diluted with water. 

For foliar application i. has been observed that 
rates of 0.1 to 10». preferably 0.2S to 1» neon, oil 
diluted in water is effective for control of ins«et pes'., 
and fungal diseases without ur.accep ble plant damage 
Neem oil may also be used at various dilutions to control 
various pest and disease problems on turf, horticultural 
and agricultural crops as -ell as stored fruits and 
vegetables. The neem oil formulations have been shown to 
be effective at controlling such pests as Colorado Potato 
Beetle, Diamond Backed Moth, "hitefly. Mealy bug. Aphlds. 
Hornworm. Lacebug, mites, fleas, ticks, mosquitoes and 
flies and the like. They are also ef'ectivo at 
controlling fungi such as mildews, rusts, dollar spot, 
brown patch, black spots, botrytis. and the like. 
Furthermore, the neem oil can be used to control parasitic 
pests on mammals such as lice, ticks, scabies, as w.-ll as 
eczema and dermatitus. 

Suitable non-polar, hydrophobic solvents for use in 
extracting the neem oil from the ground neem seeds will 
include those solvents having high neem oil solubility and 
substantially no azadlrachtin or water solubility. The 
preferred non-polar solvent, include, but are not limited 
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to ..l.phutic hydrocarbons and lul^.u... .1 .. ; „.h... .-■ 
hydrocarbon, *ui-h a. pentane. hexar... h.-pt..n-. .»-:-r.. 
„onane. decane. i.ooetane. chlo,^-,, . hlor,,,- ...., 
and the Uk„ and their isomer petrols 
petrol— -th... and the 1U, ^ucs and substitute* 
a.omaties such as benzene, toluene ehlo.obenz-e . 
ber.zaldehyde. xylenes, and tie like; and m.x.-ie* the.ee. 
Va.ious other non-polar solvents having the above 
characteristics -r- well known to those skUS-d in the 
art. and the choice of a particular solvent is not p». 
critical to the invention, provided that it is 
substantially azadirachtin-xnsoluble and neen. o,l ha. 
high dejree of solubility therein. 

Without further elaboration, it i. believed that one 
skilled in the art. using the preceding detailed 
description can utilise the present invention to it* 
fullest extent. The principles, preferred embodiments and 
„odes of operation of the present invention have been 
described in the foregoing specification. The follows 
examples are provided to illustrate the invention in 
accordance with the principle, ot this invention, but are 
not to be construed as limiting the invention in any way 
except as indicated in the appended claims. Variations 
and changes may be Bade by those skilled in the art 
without departing fro. the spirit of the invention, 
parts and percentages are by weight unless otherwise 
indicated. 

Example 1 

This example illustrates the effectiveness of the 
non-polar, hydrophobic-solvent extracted neen, oil 
formulations of this invent on newly laid or 
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mat -to-tmtch greenhouse whiter ly i Tr 1 our od -s 
v aporan nium) eggs. Eighty (801 k<^ or dri.-d avunteu 
neem iieeds £ rt: Airica wen ground in u cutting mill t<, 
about 10 mesh. The ground seeds «,rt ad<1ed to >. 300 
gal lor. agitated vessel together with M0 gallons 1^ K<Jb> 
oi hexane and agitated for 18 hours. The extracted seeds 
were then separated t rom the hexane-neem oii solution by 
ct-ntritLgation. The hexane-neem oil solution was 
transferred to a 500 ml )acketed agitated vessel where th*, 
solution was heated to 165T to remove the excess hexane. 
The recovered nee» oil had a hexane content of U. The 
extracted reem oil was formulated into respective 1* and 
3% solutions in 100 mis of water containing 1 drop of 
surtactant (Ivory™ Liquid). To test the effectiveness c: 
these formulations, 25 potted chrysanthemum plants, cv . 
iceberg, had all but 3 fully-expanded leaves removed. The 
plants wer. placed in a whitefly colony for 24 hours, 
removed, and sprayed with a water-mist to remove the adult 
whiteflies from the plants. The plants were divided into 
5 groups of 5 and treated as follows: 

Group 1) sprayed with water 0 days after exposure (DAE I 

to whiteflies. 
Group 2) sprayed with 1% neem oil formulation 0 days 

after exposure to whiteflies. 
Group 3) sprayed with 3% neem oil formulation 0 days 

after exposure to whiteflies. 
Group 4) sprayed with 1% neem oil formulation 4 days 

after exposure to white*lies, and 
Group 5) sprayed with 3% neem oil formulation 4 days 

after exposure to whiteflies. 
The greenhouse whitefly eggs usually hatched 5-6 days 
after oviposit ion, thus the 4 DAE treatments were applied 
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ne .-,r the t <>< eqq hatrh. <H w» ' " • ' 

nr. the control plai.ts (thos- snr..vr.-! w-.'h v..' il. t h- 
effectiveness of the oil 'r.irt ir.r. was ^..ss-H hv count 
the unhatched ^qos and dead nymph* por .oaf. The results 

were a? fol lows : 

Table 1 



"ffect of Neem Oil When Sprawd or New and 4-Day- 
Old C.reenhousc Whiteflv Foas Laid or chr y santheirur* 



Treatment 



Dead 
N ymphs * 



* Mortality** 



Water 
1%, 0 DAF 
3*. 0 DAF 
1%. 4 DAE 
3*. 4 DAE 



317ab 
lB5h 
1 5 3b 
19Bab 
360a 



2c 
iOObc 
i4 3h 
IflOb 
35fia 



0 
S4 
93 
90 
99 



* Values are means per 100 cm* leat ar«. Means within 
tria 1 followed by the same letter are not 
significantly different; DMRT, P = 0.05, N « IS 
leaves . 

** Number of dead nymphs Jivided by the number of eggs. 

The extracted neem oil at both concentration* and 
exposure times caused significant nvmphal mortality. I * 
was observed that most nymphs died as they were emerging 
from tho oaa case. The extracted neem oil was most 
effective on tho older egqs applied at a concentration of 
3%. 
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P* ample ' 

Tlw; example ii1usfr.it.-:. ih t -t iv.T.-sr. 

r,em oii a, - ..•p.-.l.r- •• »' 1« !!£LL*i* L±i£l 
wMt-fli-s wher sprayed ... c-hrvwr.'^ur foil, a.. The 
ox , r ,n,d neem o. 1 was ^ep.red ..nd diluted ir.to >♦ and 3- 
formulation accordino to Px..r-pl" I. To tost -h- 
..".-ctiveness of th«, t .. rmu 1 a t . -ns . nine t-w.-r-otd 
potted chrvsanth-u. plants rv. Iroberq. hv.-,n, hut ) 

fullv expanded loaves removed, were divided into three 
qroups o' 1 and treated as follows: 
r.roup 11 sprayed with water, 

,:roup 3» sprayed with I* nee* o.! formulation. 

Group 3) spraved with 3% neem oil formulation, 
and then exposed to a colony of whiteMies for 24 hours. 
Afte. exposure, the plants were cleaned of adult 
whiteflies and the number n' eoas per leaf was determined. 
Trie results were as follows: 



Table ? 



Repel lency of Neem Oils Aqair.st 
Bewisia t abaci on Chrysanthemums 



Treatment 



UO.Oa 

Water t8#0b 

0.0b 



1% 

3» 



. Values are means calculated per 100 cm' loaf area. 
Means followed bv the same letter are not 
sianifirantly different; IWPT, P - 0.0S. K - 9 
1 oaves . 

The results show that extracted neen. ,i 1 is effective 
at repelling Bemisia whiteflies at both concentrations. 
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T\\\" rumple l ! Ui-' raf • ^ I .->.;.-■■ • ■• !••«■■•■ 

*ctmr of hydrophobic-- Iv.rt -v, - r w-.r 

rpraved on chrv.anthemur f-liag- Pope I I an 

was quintifl ^ by counting Mi* numl~r qr..-nhou,. 
whitefly ITrial*- 'Q«ies vapor»inwl -™ t'^"^- 
Nee* oil foliations were pr-p .r-d a.-^r.'.no tr 
I. Forty eight 3-4 week old chr-. sa-<> h-rur plant, .-v. 
Icebera having all but 1 fullv «P*r^ le-ver. .^vk. 
were divided into thre- gr«uo* <>' !<• pi-*"* s * ? ,o! ' 
treated as follows: 

Group II sprayed with water, 

r.roup 2) sprayed with 1» reem oil formul.it inr. 
Croup 31 sprayed with J» n«»«" oil formulation. 

on t,e same dav a? .praying IDay 01 4 plar- Tor each 
qroup were placed in a whiteMv colony for 34 hours. On davs 
3 7 and 14, * more plants from earn .roup were prosed t«. the 
whiff lv colony for 24 hour.. After each exposure, the nurber 
of eggs per 100 cm' of leaf area or the top ? treated 
leaves were counted. The result s were as follow*: 

Tabic- 3 



Treatment 



Ncem Oils — Residual Effects 



Me«in No. Eqqs/ 1 0 " en' leaf Area* 

Pay 0 Dav 3 Oav 7 0av_Ji 



401a 
1 4b 
lb 



7Ja 
39ab 
Sb 



Water 5»*a M4a 

1 % 69b 107b 

3% lBc 17b 

*Weans in same column follo wed by the same letter are no. 
significantly different: DMRT, P=0.0S, N=fi leaves. 
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The extracted net* oil formu ! .it ions repelled 
<vq.ot.itmq T. vapcrar lor 'M to- to 14 day- ait.-r 
graying. There were ,»o ,-lear a,!:,.^, m the level ot 
repellancy between the i. and 3* concentration, or the 
time oetwoen treatment and exposure. 

Example 4 

Control ot Bean Rust by Extracted Neem nil 

Nee* oil -as extracted according tc the procedure in 
Example 1. The e.,tracted neem oil was nixed with water 
and diluted to 0.25, 0.5. and 1' and sprayed on tne tully 
expanded prinary leaves of beans cv. Pinto 111 until run 
off. The leaves were then inoculated with bean rust 
( Uromvces phased i ) spor.s and placed in a dew chai^or to 
allow infec.ion. After approximately It hours the bean 
plants were removed from the dew chamber and placed in a 
greenhouse. After seven 171 days the number ot rust 
pustules were counted. The results, in Table 4. show that 
the extracted neem oil is an effective folia, tungicide at 
these concentrations. 

Table 4 

2 * % Control 



Treatment Pustules/lOO cm 

control ll 74 - 4 a 

0.25% 220 -° b 



0 

81.1 



0.50% 116.6 



1 .00% 



114.2 b 



90.2 



* Treatments with same letter are statistically similar; 
DMFT, P-0.05. N=6 leaves. 
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L x ample S 

infect or Extracted Ne<--m oil and Mar^u.^: 
or. the hcpeilancy ol tfhiu-t'ies 

Extracted neem oil as prepared in Example 1 was 
compared to Margosan O a pesticide that contains the 
insect repellent azadi racht in . In these experiment* 3 
plants each were sprayed with water icontro! sanplf). - -% 
solution ot Margosan-O or a 2% solution of neer oil until 
run off. Trv- plants were then placed ia i chamber 
containing a colony of greenhouse white flies 
( Tnaleurodes ) for 2 hours. The plants were then removed 
from the chamber, the adults removed, and the number of 
eggs laid per cm 2 of leaf area counted. The results 
presented in Table 5 show that extracted neem oil is a 
much better repellent than Kargosan-O for reducing egg 
laying by a factor of 6 compared to (Margosan-O the 
repellent) and by 45x over the control. 

Table 5 

Treatment Eg gs laid/c 2 ^rea* Repellent Factor 

Control 8.70 a ° 



7.7 



Margosan-O ** 13 b 

Extracted Neem Oil 0.058 c 150 
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Example H 
-rol ot V.iiacw or. iiydrui 



A solmon ot 2* extracted «- oil m -to. 
^yed on , hydrants plants in <,~e^ «... 

t^,Ll punts and an equal no-ber of untre.t.a p -nt. 

.d to th. natural « Wew »icror9*n : sms touna ... 

^ - Punt, -e~ ~a.ined tor 
Th e untreat., plants had an average 4« ° 
xnte.ted while the treated plants had I..* mio* 

Example 7 

«.» example illustrates the potent -"U^uvx^ 

surfactant into 0.22%. 0.6*» and 2.0. neen, oil 

, a series of tests were run on 6 types ot 

formulation. A series ot din<J! Colorado potato 

insect egqs, both young and old including 
insect K OUSe flv. Hawthorn laeebug. 

b eetle. ^ [J^ whlteMy The 

two -spotted spider »ite. an , ^ ^ , 

eqg s was determined. The result, were as follows. 



r 
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Insect 



Tabl. VI : 
uv u" idui A v ' t_: v tt^ u i -e g* * > 1 i 

* fc-^Si y " ' : t - ill t. v 

Dose Young t ^cjb Old Egg* 

<») 



Colorado Potato beetle 



H 
61 



I i 
9 



10 



Tomato Hornworir 



C 

0.2 J 
0. 66 



8 
I 1 
46 
90 



16 
2f 

77 



Hawthorn Ljcebuq 



IS 



0 

0.22 

0.66 

2 



2b 
30 
12 
7S 



n 

39 
41 
69 



Two-Spotted Mit* 



0 

0.22 
0.66 



16 
54 
81 
90 



12 
33 
52 
95 



20 Greenhouse White fly 



0 

0.22 
0.66 



C 
20« 
30* 
41 1 



12 
27* 
42* 
49* 



*A11 treated insects died after hatching. 
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As is clear rrom the abovt.- table, thv 2* noem oil wat 
cttective at controlling :k. t i.w«.m , lacebuus. mite* ^mi 
whitefly eggs whether tin.-, w.-re young oi old- Voung 
Colorado potato beetle *-ggs were eliectivtfly killed by 2* 
5 neem oil. 
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I N THH CLAIM S: 

1. An insecticide a:^ iuli.il rupioide c 

net-in oil which is substantially irec aMdirarht im an i 

saiannin, sold neero oil prepared b,*: 

a) extracting dried, foatsi-iy ground n.-.-r st-i-dh 
with u non-polar, hydrophobic solvent to obtain .* 
neem oil extract, 

b| removing the solvent to obtain the neem »i . 
product . 

2. An insecticide and loliar fungicide accordrr.vi re 
Claim 1 wherein the non-polar, hydrophobic solvent is 
selected from the group of ptntane, hexane, heptane, 
octane, isooctane, decane, nonane, petroleum distillates, 
petroleum ether, cyclohexane, ch lorobor zene, bt*n = a idehyde # 
benezene, toluene, xylene, and mixtures thereof. 

3. An insecticide and foliar fungicide according to 
Claim I wherein the neem oil product is diluted with 5 to 
50% by volume of an emulsifying surfactant. 

4. An insecticide and foliar fungicide according to 
Claim 1 wher-in the neem oil product is diluted with 5 to 
20% by volume of an emulsifying surfactant. 

5. An insecticide and foliar fungicide according to 
Claim 1 wherein the neem oil product is diluted with 7 tc 
15% by volume of an emulsifying surfactant. 
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6. Ai. insect ovicide comprising neen. oil pr^p^r^i 



.t.voniinqiy to Claim 1. 

7. An insecticide having laxvicidal activity ami 
inject repel lancy comprising neem oil prepared according 
to Claim 1 . 

b. A fungicide for use on turf, horticultural ai.r. 
agricultural crops comprising nee* oil prepared «»rdir.. 
to Claim 1 . 



9. An oviposit ion deterrent and repel lant 
coiap ising neem oil according to Claio 1. 

10. A method of controlling insect pests and turgi 
comprising contacting the insect or fungi with a neem oil 
formulation containing 0.1 to 10% neem oil which is 
substantially free of azadiruchtin and salannin. 0.00S to 
5% emulsifying surfactant and 0 to 99* water. 

11. A method according to Claim 10 wherein the neem 
oil formulation contains 0.25 to 3» neem oil. 

12. A method according to Claim 10 wherein the 
insect pests are selected from the group consisting of 
Colorado Potato beetle. Diamond Backed Moth. Whiteflics. 
leafminers. aphids. mealybug, hornworm. lacebug. mites, 
fleas, ticks, mosquitoes, and flies. 

13. A method according to Claim 10 wherein the fungi 
are selected from the group consisting of mildews, rusts, 
leaf spots, dollar spot*, brown patch and botrytis. 



